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H. 0- IRELAND 
LEWISTQWN , ILLINOIS p 
H IGH SCHOOL FOUNDATION DESIGN 
(Instructor's Note) 



On February 26, 1959, Professor H. 0« Ireland of the University of 
Illinois Civil Engineering Department was contacted over the telephone by 
an architect designing a new high school at Lewis town, Illinois. Professor 
Ireland was asked to perform subsoil investigations for determining allow- 
able bearing pressures and foundation requirements. 

With this beginning, Professor Ireland entered into the consulting 
situation upon which this case study is based. He has used such experiences 
from his consulting practice to provide students in his foundation engineering 
classes with some exposure to how they might deal with specific problems in 
a professional situation. Drawing upon his personal files, he has attempted 
to recreate for his students some of the experiences of a consulting engineer. 
With himself assuming the role of the client, Professor Ireland placed the 
student in the role of the consulting engineer. 

Professor Ireland, when using this case study, has presented most of 
the material to the class verbally, thereby retaining some of the identity 
of the situation as it transpired in his original experience. With this 
technique he has attempted to force the student to seek additional informa- 
tion relative to the problem. He usually offered no information until 
die scudent asked for it even if this required leading the student to the 
point where the proper question naturally followed. He emphasized the fact 
that, as he used the case, each student was responsible for seeking and 
studying further information needed to clarify points of uncertainty. 

In explaining his use of the case, he stated that, when encouraging 
student questions, he often found the students asking questions which were 
not answered in the case. This he encouraged since he was in no way trying 
to convince the student that the approach taken in the case was the only 
one or necessarily the best. Since each student's questions may, at any 
point, lead discussion far from the succeeding content of the case, Professor 
Creland always returned to the case and explained the next step, although 
not necessarily the best, was the one taken and hence became a fact, which 
the. student had to consider as the case continued to develop, This was 
necessary if the case was to be developed for the student as it developed 
tor Professor Ireland. 

This case study is constructed with the intention of allowing the user 
c.ne possibility of presenting rhe case to a class in much the same manner 
as chat used by Professor Ireland. That is, the user may verbally explain 
from the Complete Case History the situation as it developed in the ca.se. 
With this method, the student wou : d be put in the role of the consultant, 
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and the user would have the information available as the student requested 
it. To accelerate the transfer of data, exhibits are provided to be handed 
to the students where large packets of information are involved. 

Included with the instructor's Complete Case History (II) are sug- 
gested questions which might be asked by the instructor to direct the dis- 
cussion along the lines which the actual case followed. 

Rather than create for the student the role of a consulting engineer, 
the instructor could hand out the entire case to a class and ask that they 
prepare to discuss the case at the next class meeting. With this usage, 
the class could be asked to discuss the validity of the decisions presented 
and the possibility of other ways they might have developed. 



A class could also be given the entire case and asked to answer the 
suggested questions. It is impossible to predict exactly how usage of the 
case might proceed, 
cally to the case. 



It is unlikely that any two classes will respond identi- 



One way the case discussion began when Professor Ireland used it for 
a graduate course in foundation engineering at the University of Illinois 
was as follows (from a taped recording of the class session): 



Professor Ireland; 



Student: 



Professor Ireland: 



Student: 

Professor Ireland: 



The next project that I would like to discuss with 
you is a high school located at Lewis town, Illinois. 
On this project our client is an architect for whom 
we have worked before, and our first knowledge of 
the project came when he called us and told us that 
he had a school in Lewistown and he wanted us to do 
whatever was necessary by way of foundation investi- 
gations to give him information on allowable bearing 
pressures and foundation requirements. (10 second 
pause) What is your first step? 

I would like to know a little about the geology of 
this area. 

Well, he has just called us up, and we haven 1 t had 
any opportunity to check on this, except we know 
in general that Lewistown is located somewhere 
almost due West of Champaign, Illinois, and is on 
the west side of the Illinois River. 

How many stories will the building be? 

We find this to be a one story school . .It will 
have a shop building, an auditorium, and a gymnasium. 
(Pause) We have worked with this architect before 
and our usual method of dealing with him is that 
he tells us he has a project. He may not know yet 
whether it is to be multi-story or not. He ha6 
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Student: 



Professor Ireland: 



Student: 



Professor Ireland: 



Student: 



Professor Ireland: 



Student: 



done some preliminary thinking on it, and he wants 
us to get going on the foundation investigation. 

Does he have any idea right now of what the general 
plan of the building will be or what the layout, 
size, or dimensions will be? 

Yes, of course, he will provide us with this, but 
in the meantime, we must proceed with the arrange- 
ments for any boring that is going to be made. He 
has dropped the problem in our lap. 

First, I would make a point of, either with him or 
on my own, going out and taking a look at the site 
to get some idea of what we are starting with before 
we even think about setting up any boring program. 
Also, I would like to see a plan of the site. 

All right, but first we've got to ask him for the 
building plan on the site before we can locate the 
borings, don't we? But what are we going to do 
about arranging for the boring program? 

We can arrange for it right now, say starting with 
such and such a date, assuming we will have time 
to take care of all this other stuff. 

All right. What would be your steps in arranging 
for a boring program? 

Has he given us complete freedom of whom we can 
hire for this? 



Professor Ireland: 
Student: 



Professor Ireland: 



Yes, 



Then I suggest we call a reputable firm that we 
know of, and have worked with perhaps, and see 
if they would be free on such and such a date to 
handle this. 

Is there any other thing we might want to discuss 
with the boring firm? 



This sample of how one use of the case began can perhaps give rise 
to other ideas about possible uses. The case discussion may certainly go 
other directions, and there may be other ways of using the case besides those 
suggested. Hopefully, there is enough material provided to allow variations 
to meet the needs of the user. 
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LEW I ST OWN , ILLINOIS , 
HIGH SCHOOL FOUNDATION 
DESIGN 



SUGGESTED QUESTIONS 



On February 26, 1959, Professor Ireland 
of the University of Illinois Civil Engineering 
Department was contacted over the telephone by an 
architect designing a new high school at Lewistovci, 
Illinois. Professor Ireland had previously done 
consulting work on foundation design for the 
architect. During the first phone conversation, 
Professor Ireland was told that the high school 
was to be one- story with an auditorium and gymna- 
sium in the main building. A shop building was 
to be separate . 

Professor Ireland was asked to perform 
subsoil investigations for determining allowable 
bearing pressures and foundation requirements. 
Since the architect had only recently begun work 
on the building, no plan drawing of the proposed 
structure was available. The architect told 
Professor Ireland that a plan drawing would be 
available in the near future, however. 



A) As a consulting foundation 
engineer, what more should 
the consultant know about 
the project before accepting 
the job? 

If the consultant accepts the 
job of determining allowable 
bearing pressures and founda- 
tion requirements, what should 
his next step be after his 
phone conversation with the 
architect? 



In this first conversation, Professor 
Ireland agreed to perform the necessary subsoil 
investigations. He next called a drilling firm, 
the Raymond Concrete Pile Company and asked chein 
to submit a proposal for borings at the site. 
Mr, George Higgins of the Raymond Company 'told 
Professor Ireland that they could have drilling 
equipment on the boring sight one or two days 
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gymnasium (where similarly high loads may be ex- 
pected from large spans) , one near each corner of 
the classroom-administration wing on the north end 
(representing the extremities of the building in this 
direction), one near the proposed boiler room (where 
a heavier than normal load might be involved as well 
as excavation below ground surface), and one at the 
southeast corner of the shop building furthest re- 
moved from all other borings. I do not believe 
that a fewer number of borings should be indicated, 
but a few more might be justified." Professor Ireland 
instructed the boring company to take the first boring 
to 35 1 depth or four feet into 65 blow 1 material; 
split spoon samples were to be ta\_*n at 2-l/2 : inter- 
vals to 15 1 and at five feet intervals thereafter. 
All bored holes were to be bailed so that water level 
observations could be made. The boring foreman was 
to call Professor Ireland with the results before 
moving off the boring site. 

Several days later, the boring foreman phoned 
Professor Ireland and gave him the boring results 
shown in Exhibit 6. 



After reviewing the information given him 
concerning the first hole, Professor Ireland told 
the boring foreman to take continuous Shelby tube 
samples between 13 1 and 17 1 in holes numbered five 
and six. Shelby tube samples usually cost $7.50 
per sample. 

The drilling crew continued the drillings 
and collection of samples, providing Professor 
Ireland with the information seen in Exhibit 7, 
All borings except number 1 already mentioned 
and numbers 2 and 3 were terminated in stiff ma- 
terial at 30'. Numbers 2 and 3 terminated in 
stiff material at 25 f . Water levels, after 24 
hours, were reported at 4 f - 5 J in several holes. 



Wha r - should the consultant do 



with the information given him, 
and what should his next instruc 
Lions to the boring foreman be? 



What should the consultant do 
with the samples obtained? 




(N value of the soil) - this refers to the number of blows necessary to driv^ a 
d split spoon sampler 12" into the soil being tested, (commonly called Standard 
tion Itbr, where N = number of blows delivered by a 140 pound ram falling through 
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F) What should the consultant do 

with the results of the lab tests 
on the samples? 

Are there other tests that should 
have been performed? 

Of the tests performed, were all 
of them necessary? 



With the samples forwarded to him by the 
drilling company, Professor Ireland had the follow- 
ing tests performed in a soil lab. 

On split spoon samples: 

1) *Q U where possible, otherwise estimate, 



2) **w on every bottle sample. 

3) classification of all samples. 

On Shelby tube samples: 

1) consolidation tests on one sample 

2) q 

u 

3) w 

From this data, Exhibit 7 was constructed. 

Consolidation tests were made on a 2" dia. 
x 3/8" thick sample of dark brown peat from the 
15 1 depth of boring number five. For this sample, 
w was 67%; at 14-1/2 1 in the same hole, w was 30.5% 
at the top of the sample and 105% at the bottom of 
the sample. The general appearance of the time con- 
solidation curves was: 



.TIME 




COMPRESSION 



These differ from the curves usually obtained from 
clay in that there is no point of contraf lexure . 



In order to plot e - log p curve, the neces- 
sary information was taken from the time consolidation 
curves at a time of 1000 minutes. The resulting curve 



1 u = unconfined compressive strength. 
**w = water content. 
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G) Is more information needed than 
obtained from analysis of soil 
samples? If so, how could it 
be obtained? 

(Possible source = Geodex index 
system for geotechnical litera- 
ture) 



is shown in Exhibit 3. This e - log p curve in- 
dicates the peat is preloaded if the peat is assumed 
to behave like clay in this respect. 

At this point, more information on the geology 
of the area waj obtained. The peat was recognized as 
Sangamon Soil. The soil below the peat was seen to 
be Illinoian till; the soil above the peat was recog- 
nized as loess put down during and following the Wis- 
consin glaciation which did not reach Lewistown. The 
ground surface was covered with from 1 to 3 feet of 
topsoil » 

By this time the architect was far enough 
along with the building design to provide Professor 
Ireland with anticipated foundation loads. The data 
of Exhibit 9 were supplied. The architect told 
Professor Ireland that the shop was to be mainly used 
for wood working, There were to be some small 
£ machine, tools , such as table saws, wood lathes, and 
many hand tools, but no equipment such as might be 
found in a heavy industrial shop, 

From having worked with this architect before , 
Professor Ireland knew that he normally did not use 
basements in buildings of this type. Instead, he 
generally provided a utility trench just inside the 
periphery of the outer wall* Such a trench, usually 
about five feet deep by four feet wide, was to pro- 
vide access to water pipes, steam pipes, etc., needed 
to serve the building. 



Returning to his investigation of the soil 
samples obtained, Professor Ireland realized he needed 
more information on the characteristics of peat. In 
his literature search, he found one source which pre- 
sented a method of predicting the time settlement 
of peat. The source dealt with very wet. spongy peat, 
however (w between 700% and 1000%). Hanrahan found 
that he was able to predict the settlement of a thick 
specimen by relating it to the action of thin speci- 
men. He found that the magnitude of settlement of 



1 



2 



' - Sangamon is an interglacial stage that occurred between the Illinoian and Wisconsin 
glacial periods. 

E. T. Hanrahan, "An Investigation of Some Physical Properties of Peat," Geotechniqu e , 
Sep camber ,1954. 
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the thick specimen is directly proportional to the 
ratio of the heights of the specimens under compari- 
son. The settlement time is proportional to the 
square of the ratio of the heights. i.e.: 



n r • -i j H field „ , _ 

S field = x S lab 



H lab 



and T field = 



r H f iel d^ 
L H lab 



T lab 



What correlation can be made be- I 
tween the characteristics of the | 
peat samples obtained and the peat 
discussed in Hanrahan? 



What conclusions can the con- 
sultant draw from these curves? 



It can be seen that the peat under study by 
Professor Ireland has a much lower water content than 
that reported on by Hanrahan. Professor Ireland con- 
cluded that if water content is a measure of com- 
pressibility, excessive settlements should not be 
expected since the peat samples were relatively dry. 
Using Hanrahan' s procedure, time settlement curves 
were plotted of: 

P - 350 lb/ft 2 and P - 700 lb/ft 2 - 
for a four and one-half foot thick layer, the thickest 
layer detected. These two pressure were the first 
two load increments used in the consolidation test. 
Professor Ireland concluded that for a foundation 
bearing pressure of 2000 lb/ft 2 the stress in the 
peat would be about 240 lbs/ft , which is somewhat 



less than the pressures plotted, 
in Exhibit 10. 



The plots are shown 



What recommendations should the 
consultant make? 



From these curves, Professor Ireland observed 
that at P = 240 lb/ft 2 (not plotted), the settlement 
Ishould be less than 1". The loess above the peat is 
not typical, however; instead, it is weathered with 
higher compressive strength than is customary. 



After analysis of all information gathered, 
Professor Ireland made his recommendations to the 
architect (Exhibit 11). He concluded that the strength 
of the subsoil was generally much greater than . 
2000 lb/ft , but recognized that in some places a 
strength of 2000 lb/ft 2 was likely. He felt the 
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K) Do yon agree with the recommenda 
cions made by Professor Ireland? 



settlements calcinated for peat were subject to 
many uncertaint : , He recognized also that th re 
would be setti. ■ - ts due to consolidation of sf 
above and bel.». t*-.e peat, but he did not believ. 
an accurate f * r »-ast of the settlement could be 
made. He did r expect that it would be serious, 
however. * 

Professor I. eland recommended the use of 
spread footings. He predicted some settlement re- 
suiting in wall acks which would open up with 
time. He sugge-» ed that, to avoid settlement. 
25-30 foot treat ti-ber piles could be used, 
but he added that this would greatly increase the 
cost . 

He recomme ded that the footings be Located 
such that DL + LL -2,000 lb/ ft . He cautioned, how- 
ever, against over stimating the magnitude of the 
live load. He said that, to minimize settlement, 
fill should be avo ded wherever possible, with two 
feet of compacted fill considered a maximum. He 
further stated that any fill should be compacted at 
water content equal to the plastic limit. He recom- 
mended that vertical construction joints be used at 
each change in structure configuration to localize 
cracking, lie felt that most settlements would occur 
during the first ytar, and therefore suggested that 
interior decorating be delayed one year so that ex- 
pected cracks can be covered. 

He also stated that a time settlement history 
would be useful to check the action of the peat, A 
suitable series of reference marks on the lootings 
could provide such a history. If carefui records of 
settlements were kept during construction, he felt 
the necessity for delaying interior decorating could 
be more accurately determined. 

Conversations in 1.964 with the architect and 
school superintendent indicated that the building is 
performing satisfactorily with no visibLe signs of 
settlements . 
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exhibit 2 - Test Boring Cost Proposal. 



ATLANTA 3, GA. 

57 FORSYTH STREET, hi. Y*. 

BALTIMORE 2, MD, 

1111 MERCANTILE TRL Sf BUILD I NO 
BOSTON 16. MASS. 

31 ST. JAMES AVENUE 

CHICAGO 3, ILL. 

Ill WEST MONROE STREET 
CLEVELAND 15, OHIO 

20 PROSPECT AVE. S. W. 
DETROIT 2. MICH. 

7-430 SECOND AVENUE 

HOUSTON 6. TEXAS 

610 WOODROW STREET 
KANSAS CITY S, MO. 

127 WEST TENTH STREET 
LOS ANGELES 17. CALIF. 

816 WEST FIFTH STREET 
MIAMI 34. FLORIDA 

2B0S PONCE OS LEON BLVD. 



RAYM OND 

CONCRETE PILE COMPANY 

A DIVISION OF RAYMOND INTERNATIONAL INC. 
140 CEDAR STREET NEW YORK 6. N.Y. 



METAJRIE, LA 

242 POCIS STREET 
OAKLAND 3. CALIF. 

IBS S6TH AVENUE 
PHILADELPHIA 7. PA. 

IS A3 ARCH STREET 
PITTSBURGH 22. PA. 

S04 FOURTH AVENUE 

PORTLAND lO. ORE. 

2S2S N. W. FLANDERS STREET 
ST. LOUIS 1. MO. 

70S CHESTNUT STREET 
•ALT LAKE CITY 1. UTAH 

220 OREYHOUND TERMINAL 
BUILDING 
SAN FRANCISCO 4. CALIF. 

2S8 MONTGOMERY STREET 
SEATTLE 8. WASH. 

B7S8 EAST MARGINAL WAY 
WASHINGTON 6. D. C. 

IS AS EYE STREET. N. W. 



PW - Lewistown Illinois 
Proposed School 



Our Sixty -Second Year 
111 W. Monroe Street 
Tel: ANdover 3-3318 
Chicago 3, Illinois 
February 27, 1959 



Gentlemen: 

We hereby propose to furnish all tools, labor, equipment and 
materials to make the necessary RTB by our usual methods on 
the site of the Proposed School in Lewistown, Illinois, for 
the prices and on the terras hereinafter mentioned. 



You shall mark the location of each boring on the site and establish the surface elevations referred to a known, fixed 
datum, supplying us with such data in sketch or plan form ; shall furnish sufficient water for the conduct of the work within 
reasonable hose-pipe distance of the points at which it is to be used (or pay us the cost of pumping or hauling water plus 
10% thereon) ; shall furnish free and uninterrupted entrance to and exit from the site for our equipment, materials and 
personnel; and shall secure all municipal and other necessary permits. Unless otherwise agreed to herein, we shall not be 
required to make borings inside or under buildings or structures nor to operate on or over bodies of water, flooded or 
marshy areas or areas obstructed by brush, piles of rubble, etc 

Each boring shall be carried to the depth required by you unless boulders or materials are encountered which prevent 
securing further penetration without hard or rotary drilling. "Hard drilling" shall be defined as that requiring 60 or more 
blows of a 140-pound weight falling 30 inches to drive a 2" o.d. x 1#" i.d. sample spoon 12 inches. 

We shall submit to you a graphical record showing the location of each boring together with the vertical arrangement, 
thickness, geological character and relative hardness of the several strata penetrated (and, in case groundwater is en- 
countered the water-bearing strata and the elevation of the hydraulic grade), accompanied by properly labelled cartridge 
r — core samples thereof ; all as indicated by and procured from each boring. 

We are protected by Workmen's Compensation Insurance (and/or Employers' Liability Insurance), Public Liability 
Insurance for bodily injuries with limits of $200,000/500,000, and Public Liability Property Damage Insurance with 
limits of $50,000/100,000 and will furnish certificates thereof upon request We assume the risk of damage to our own 
supplies and equipment. If your contract or purchase order places greater responsibilities upon us or requires further 
insurance coverage, we will take out additional insurance (if procurable) to protect us, at your expense; but we shall not 
be responsible for property damage from any cause, including fire and explosion, beyond the amounts and coverage of our 
insurance. 



Exhibit 2 (cont.) : Test Boring Cost Proposal* 
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Price for 



thc necessary- 



RAYMOND TEST BORINGS 



shall be as follows: For the delivery to and removal from the site of the work $ 150.00 
drilling rig, plus_$ 3^0 per lineal foot of hole drilled below the ground surface 

earth drilling requiring no hard drilling, or $5.00 per lineal 
foot for hard drilling, as defined on the first page of this proposal. 

Should soil load tests be required and ordered by you we shall be 
paid in accordance with the following schedule: 

1. Furnish and deliver steel truss, anchors, plates jacks, etc., 
capable of applying a total load of 12,000 lbs. 



2. Perform load tests not to exceed 12,000 PSF not lower than 

8' below present ground surface or water table. $455.00 per 
test plus the cost of removing all seepage water that cannot 
be controlled with a 2" pump. If you so desire we will in- 
voice this portion of the work at $15.00 per crew hour. 

The above prices are based on our operating a normal single shift 
5-day week. Should you desire us to operate additional time and 
so order, we shall do so--in which case you are to reimburse us 
for the overtime, extra labor cost plus applicable insurance and 
Social Security taxes thereon. 

Payments shall be made within ten (10) days of the date on which progress invoices are rendered 
and shall be for ninety percent (90%) of the value of the work performed during the preceding month. 
Final payment shall be made within thirty (30) days after the completion of the work, covered by this 
proposal. However, should the total value of the work performed be $1,000.00 or less, payment in full 
shall be made within ten (10) days of the date on which final invoice shall have been rendered. 

Work shall be pushed to completion as speedily as is consistent with good workmanship but subject 
to all delays from strikes, lockouts, differences with workmen, or any other similar or dissimilar causes 
beyond our control. It is understood that we operate under accepted Union conditions. 

This proposal is made on your warranty that our right to Mechanic's Lien has not been and is not 
waived. It is made, in triplicate, for your immediate acceptance and is subject to the approval hereon of 
one of our executive officers. 



Lump Sum 



$200.00 



Respectfully submitted, 



RAYMOND CONCRETE PILE COMPANY 



ACCEPTED: 



A DIVISION OF RAYMOND INTERNATIONAL INC. 



By 



By. 



G. J. Higgins, Superintendent 



APPROVED: 

RAYMOND CONCRETE PILE COMPANY 



A DIVISION OF RAYMOND INTERNATIONAL INC. 



ECL-34 



Exhibit 3; Lewistown, Illinois, High School Plan. 



/SO 



i 



/to 



40. 





i-so 



- g MAW .HTKthT 



Exhibit 5: Boring Locations, Lewistown, Illinois, High School 
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Exhibit 6. 



Boring results, Hole No. 1: 
0-1' Topsoil 

1* -6 '6" Stiff brown and blue silty clay 

at 2-1/2' N = 9 

at 5' N = 11 

6'6"-13' Stiff brown and blue inorganic silt with trace of peat 

at 7-1/2' N = 11 

at 10' N = 13 

at 12-1/2' N = 9 

13' -15 '6" Peat and inorganic silt 

at 15' N = 12 

15'6"-21' Soft gray inorganic silt 

at 17-1/2' N = 4 

at 20' N = 4 

21' -27' Soft brown and blue sandy, silty clay with trace of 

small gravel 

at 25' N = 3 

Below 27' Hard gray sandy, silty clay with trace of small gravel 

at 30' N = 53 

at 35' N = 45 

Quit at 35' 



Water level was at 11 '6" 
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Exhibit 9. 



Wall loads 



classrooms 
gymnasium 



column load 
in auditorium 



shop, maximum 
column load 



2,900 Ib/lin ft. 
LL + DL 



maximum 

live load 
dead load 



8,300 lb/lin ft. 
= 50% 



31,900 lb/lin ft. (DL) 
7,700 lb/lin ft. (LL) 



65,100 lb/lin ft. (Probably due to crane) 

S ■ i2 » 



The floor slab of the shop is soil supported except where it spans 
a utility trench at one end. The anticipated shop floor load is < 40 lb/ft 
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Exhibit 11 : A JPortion of the Conclusions and Recommendations from 
Professor Ireland f s Report to the Architect, 



Bear i ng Capacity 

The bearing capacity of loess can be determined most accurately by 
means of field load tests. However, the loessial soil encountered at 
this site is weathered and has unconfined compressive strengths that are 
not typical for loess. Therefore, the unconfined compressive strength 
of the clayey silts at this site are most likely indicative of the 
strength of this material. When the unconfined compressive strength is 
a satisfactory measure of the shear strength of a soil, the allowable 
bearing pressure is approximately equal to the compressive strength. 
This provides for a factor of safety of about 3 with respect to a bearing 
capacity failure. 

The compressive strengths of the brown and gray silt and clayey 
silt overlying the peat are generally in excess of 2.0/tons sq. ft. 
However, weaker areas are indicated as shown ^y the strength of the 
sanples obtained from boring 8. Except for the uppermost sample, the 
compressive strengths were only about 1.0 tons/sq.ft. The strength of 
some of the samples from this boring were not determined because the 
samples were quite disturbed. This may or may not indicate a weaker 
material. Based on these conditions, the maximum allowable soil pressure 
should not exceed 2000 lbs/sq.ft. 



Settlement: 

Every foundation must not only have a satisfactory margin of safety 
against a failure, but must support the structure without excessive 
settlement. The magnitude of settlement that is acceptable depends upon 
the type of structure, its function, and the cost of reducing the settle- 
ment . 

The most compressible material encountered at this site is the peat. 
The exploratory boring data sheets show that its compressive strength is 
generally in excess of 0.5 tons /sq.ft. and that the maximum water content 
measured was 136%. In order to check on the compressibility of the peat, 
a consolidation test was conducted on a sample taken from a depth of 
15 ft, in boring 5. This sample was obtained in a ? in. diameter Shelby 
tube. The test specimen had a diameter of about 1-3/4 in. and a thickness 
of 3/8 in. The results of this test are presented in Exhibit 8 t This is 
an e-log p curve where e is the void ratio (volume of voids divided by 
volume of solids) and p is the applied pressure in tons/sq,ft. 
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rnasmch as the rate of settlement for the higher loads continued along 
a straight liae on a semi-logarithmic plot, the curve m Exhibit 8 was 
arbitrarily plotted at void ratios corresponding to a time of lOCu minutes. 
This corresponds to about 40 years in the field. 

The values of e - 3.04 and P = 0.5 tons/sq. ft. correspond 
respectively to the initial void ratio and overburden pressure in the 
field Presumably, if the soil has never been stressed to a higner 
intensity of load" than the present overburden pressure, this point e p Q , 
should be located on thee-logp curve representing the material in the 
field In such a case, the backward extension ot the straight line portion 
of the laboratory curve usually intersects e Q to the left of e Q p. 
However. Exhibit 8 indicates that this intersection is to the right ot 
e P at p = 0.9 rons/sq.ft. This implies that the material has been pre- 
viously loaded iu the field to a stress at least as great as 0.9 tons/sq.tt 
and possibly somewhat more and may be regarded as preloaded. The settle- 
ment of a normally loaded clay may be computed from the equation: 

C A 

where C is the slope of the straight line portion of the e-log p curve 
corrected for sample disturbance, H is the thickness of the compressible 
stratum and Z\ is the average increase in stress in the compressible 
stratum due tB an applied load near the ground surface. If this pro- 
cedure is applied to the peat in question, a settlement of 1.78 inches 
is computed for the most heavily loaded column footing when located over 
4-1/2 ft of peat. This is the maximum thickness of peat encountered 
by the borings, and it occurs in boring 10. This settlement computation 
was based on a foundation bearing pressure of 2000 Ibs/sq.ft for combined 
live and dead loads. If the bearing pressure is taken as 1000 lbs/sq.ft., 
the computed settlement is 1.39 in. However, if the compressible material 
is actually preloaded as indicated, the real settlements may not exceed 
1/8 to 1/4 of the computed values depending on the magnitude of A p . 

Unfortunately, the theory of consolidation for a clay may not apply 
to a peat A recent review of the engineering characteristics of peat 
tr> FacFarlane 1 indicates that many gaps exist in our knowledge of the 
engineering properties of peat. The available information apparently 
is"scanty, sometimes contradictory and confusing. 



-lacFarlane, Ivan C, "Review of the Engineering Characteristics of 
Peat " Jour, of the Soil Mech. and Fdns. Div., A.S.C.E., Feb. 1959, 
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lianranan has reported on the results of some laboratory studies of 
pej'; . arried out in tre C, E. Department of University College, Dublin. 
I.r: piper it is pointed out that the theory of consolidation bas 

! inured application to the problem of forecasting settlements in peat. 
Wit>.> tespect to consolidation, Hanrahan presents the results of the 
ptennted and measured rate of settlement for a sample 6 inches in diameter 
b> ")oS inches thick,, based on the test results obtained from a sampLe 
3 iiit-zea ir. diameter and 0.75 inches thick. The predicted settlement was 
in direct proportion to the thickness of the two sanples and the corre- 
sponding square root of time was taken as the ratio of thickness multiplied 
by the square root of time as determined from the test. When the large 
sample was tested, the observed settlement was in excellent agreement 
witn the predicted settlement. It should •■■£> noted that the peat used in 
these studies had a natural water content i i excess of 700%. 

The above procedure was applied to the peat from the Lewistown site. 
The results are presented in Exhibit 10 which shows predicted field be- 
havior for two different intensities of added load, 350 lbs/sq.ft. and 
700 Lbs/sqcft, These were the first two load increments used in the 
consol idat ion test. The stress in the peat at a foundation bearing 
pressure of 2000 lbs/sq u ft> is about 240 lbs/sq.ft., which is somewhat 
less than those plotted, 

Exhibit 10 indicates that the settlement of the 4-1/2 ft. of peat 
tor an applied stress of 350 lbs/sq.ft. is on the order of 1.5 inches 
and that most of this may be expected within the first year. 

la addition to the settlement that may be contributed by the peat, 
some additional settlement should be anticipated from the silts. This 
cannot be accurately forecast,, but is not likely to be of major importance. 



R ec omTendac ion s 

!he preceding discussion indicates that spread footing foundations 
(iidv be used for the proposed structure but that settlement should be 
anticipated, This will most likely produce wall cracks which may tend 
to ope 7 ^ further with time, The simplest way to avoid the settlement is 
to place the proposed structure on pile foundations. The piles would be 
25 to 30 ft, in length and would add materially to the cost of the pro- 
ject, However, there are strong indications that the peat is preloaded 
and will not settle as much as anticipated. Therefore, the following 
recommendations are presented , 



* hanrahan E. To, "An Investigation of Some Physical Properties of Peat." 
Ueotechn ique , Sept . 1954 c 
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It is recommended that the proposed school be established on footing 
foundations located at the highest practicable elevation but below the 
existing topsoil. These should be proportional for uniform dead load 
soil pressures such that the combined live and dead loads do not exceed 
2000 lbs/sq.ft. The dead load should include all loads which will act 
for the majority of the time and the live load should not be overestimated. 

In order to minimize the settlements that may occur, it is necessary 
to avoid the use of fill wherever possible. Two feet of compacted fill 
will transmit a stress of about 250 lbs/sq.ft e to the peat. This should 
be regarded as the maximum permissible height of fill and even this should 
be avoided if possible, Where compacted fill must be used, the material 
should be placed at a moisture content corresponding to the plastic limit , 
This is the moisture content at which a thread of the material 1/8" in 
diameter can be rolled out but when immediately remolded and rolled out 
again., crumbles and is no longer plastic. This material should be placed 
in layers about 4 in. thick (certainly not more than 6 in.) and compacted 
by suitable compaction equipment. Soil that is too dry or too wet cannot 
be properly compacted and will cause subsequent maintenance problems. 

Soil supported floors should be separated from foundation wall or 
columns by a suitable construction joint so that the wall or column is 
free to move relative to the floor. 

Vertical construction joints are required at each change in configu- 
ration of the structure. These should be arranged to help localize any 
cracks chat may tend to open so that the cracks do not wander aimlessly 
around corners from one wall to another. Since it appears that the 
majority of the settlement may take place during the first year, it is 
suggested that the interior decorating might be delayed one year. At 
this time, any cracks which might appear can be pointed up and hidden by 
the first job of interior decorating which should be expected to thereby 
have a longer, more useful life, 

Field Observations 

It is rather important to determine the behavior of this structure. 
It will be useful to learn its time settlement history and to determine 
if possible whether or not the peat behaves as if it were preloaded. 
Therefore, a suitable system of reference marks should be located on at 
least the exterior walls. These should be established at the earliest 
possible date and level observations recorded for them at monthly intervals 
i roin this date throughout the construction period and thereafter as may 
be required. Suitable notes should be kept to indicate the stage of 
conali uction when eacn level survey is made to assist in escimating the 
actual load on the foctings at that time. Such records might indicate 
whether or not any advantage can be obtained by delaying the interior 
decorating. 
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